Ionic-Interactions of Potassium Iodide (KI) in binary solvent systems of edible oil (maize oil and sunflower oil) + N, N-dimethylformamide (DMF) were studied at different temperatures by viscosity method. The viscosities of KI in sunflower oil + DMF and maize oil + DMF were found to increase with the increase in concentration of edible oil and also with increase in concentration of KI from 1x10 -2 to 9x10 -2 mol.dm -3 . Ion-ion interaction and ion-solvent interaction were evaluated in terms of A and B coefficients of Jones-Dole equation and its applicability checked by Moulik equation. Ion-solvent interaction was found positive in edible oil + DMF solvent system. The parameter dB/dT was used as a criterion for the evaluation of structure-making or structure-breaking ability of salt (KI) in edible oil + DMF solvent system. It was concluded that KI behaves as a structure-breaker in edible oils + DMF solvent system.
Oleic Acid Linoleic Acid
N, N-dimethylformamide (DMF) is a dipolar aprotic solvent and dissolves most of the edible oils. It is soluble in water and many other organic solvents (Wang et al., 2009 ). DMF-water systems was used to extract polycyclic aromatic hydrocarbons (PAHs) which are carcinogenic compounds and produced due to incomplete combustion of organic compounds and geochemical processes (Moret & Conte, 2000) .
The nature of a solute in a binary solvent system has a fundamental importance in the study of chemical and physical properties of solution regarding to their ionic interactions between solute-solute and solute-solvent (Al-Azzawl et al., 1990) . In recent years, considerable attention has been given to the behaviour of salts in various binary mixtures of solvents (Roy et al., 2010; Mishra et al., 2010; Zamir et al., 2005; Lu et al., 1999; Lu et al., 1995) .
Among the various techniques viscometry is one of the most reliable methods for determining the nature of the components by their physicochemical interactions like ionic interactions, covalent bonding, dipole-dipole interactions, charge-transfer phenomenon, hydrogen bonding and hydrophobic interactions (Khan et al., 2007) . The viscosity of salt solutions is needed for the design of numerous industrial processes and, at the same time, provides useful approach into solution structure regarding with ionic and molecular interactions in different systems (Habibullah, 2010) . Viscosity of edible oils is one of the important physical properties related to its processing and quality control and is affected by a number of factors including density, molecular weight, melting point, degree of unsaturation and temperature (Biswas et al., 2007) .
The main aim of this study is to investigate the interaction of salt (KI) with edible oil as both of these serve as nutrients for humans and the nature of their interaction is of considerable interest for determining various changes in their properties and their benefits and hazards for mankind. Therefore present study reveals the characteristic changes related to interactions of salt (KI) with edible oil + DMF solvent system at different temperatures by viscosity method. The ion-ion and ion-solvent interactions have been evaluated by Jones-Dole and Moulik equations. The data obtained by both equations are compared in terms of ion-ion and ion-solvent interactions. The effect of temperature, solvent (DMF), concentration of salt in edible oils on the properties of the system was further evaluated and the results are explained in terms of structural and electrostatic interactions.
Experimental

Materials and Methods
All the glassware used were of Pyrex A-grade quality. Potassium Iodide (KI) of RDH having percent purity of 99.99% was used for the preparation of different concentration of salt solutions. N, N-dimethylformamide (DMF) of A. C. S. HPLC grade (Lab-Scan) having percent purity of 99.98% and density 0.9490 g/cm 3 was used as solvent. Edible oils (sunflower and maize oil) were extracted from their dried, dehulled and powdered seeds brought from the local market in Karachi, Pakistan. Stock solution of 5.0 %v/v for sunflower oil as well as for maize oil was prepared in DMF. Potassium Iodide (KI) solutions with concentration ranging from 1.0 x 10 -2 to 9.0 x 10 -2 ± 0.001 mol.dm -3 were prepared in 1.0, 2.0, 3.0, 4.0 and 5.0 %v/v solutions of sunflower oil + DMF and maize oil + DMF solvents respectively. The viscosities of edible oil solutions were measured by using the Ostwald viscometer type Techniconominal constant 0.1 Cs/s capillary ASTM D 445. Three observations were taken to ensure the reproducibility of the measurements. The viscometer was placed inside a glass tube connected with a thermostatic water bath (Circulator, Model YCM-01, Taiwan R. O. C.) having a constant circulation of water throughout the course of the experiment, to maintain the experimental temperatures from 303 to 323 K with difference of 5 K respectively. A known volume of solvent and solution, respectively, was placed in the viscometer to attain the required temperature. The time flow between the two marks of the viscometer was recorded with the help of stopwatch. Densities of solvent and solutions were measured with the help of a relative density bottle having a capacity of 10.0 cm 3 at different temperatures. An electronic balance Model BL-150S, Sartorius, Germany was used for the mass determination. The uncertainty in the experimental data for density and viscosity was found to be ± 0.0001g.cm -3 and ± 0.02 mPa.s respectively. 
Statistical Analysis
Statistical analysis for One Way ANOVA was done by using Minitab software. The reproducibility of the results was checked by taking three replicates of each measurement having probability p ≤ 0.05.
Results and Discussion
Viscosities of potassium iodide (KI) having concentration 1.0 to 9.0 x 10 -2 mol. dm -3 in edible oil + DMF solvents were studied at different temperatures (303 from 323 K). Results tabulated in Table 1 and 2, show that viscosities have increased with the increase in percent composition of edible oils (sunflower and maize oil) and also with the increase in concentration of salt (KI) in the solution but decreased with the increase in temperature. The results show that the viscosities of KI + edible oils + DMF system decreased with the increase in temperature due to the weakening of the attractive forces between solute and solvent. At higher temperature the complex molecular structure breaks down into smaller fragments which can flow more easily and the viscosities of the solutions have decreased. The ability of edible oil molecules to form thermally stable molecular clusters decreased with the increase of temperature. A representative plot showing the effect of concentration of oil and temperature on viscosities of KI in edible oil +DMF system is shown in Figure 1 . Tables 1 and 2 show that the viscosities of KI solution increased with increase in concentration of KI in the edible oils + DMF system and also with increase in percent composition of edible oils. The increase in concentration of KI (salt) causes an increase in forces of attraction between the molecules which tend to stick together showing an increase in the viscosities of solutions and also with the increase in percent composition of edible oil in the solvent (DMF) because the edible oil is more viscous than DMF and therefore, an increase in the percent composition of oil in the solvent slightly increases the viscosities of the solutions. This behavior may also be due to structural orientation of edible oils in DMF solvent systems which show ionic interaction with KI. The higher values of viscosities for sunflower oil were observed as compare to maize oil may be due to difference between saturated and unsaturated components in sunflower and maize oils. Maize and sunflower oil is the mixture of both saturated and unsaturated ingradients. In maize oil the saturated fatty acids are palmitic acid 8-10% and stearic acid 2-4% whereas unsaturated fatty acids are present as oleic acid 30-50% and linoleic acid 34-56%. It also contains free acid as oleic acid 1-4% and traces of other acids are also present. Sunflower oil consist mostly, glycerides of oleic acid (25-42%), linoleic acid (52-66%) and saturated acid (5-13%). The change in values of viscosity in the presence and absence of salt is due to the unsaturation of ingredients present in the oil. The ionic interaction of salt in solutions was evaluated in terms of Jones-Dole (Jones et al., 1929) coefficients expressed by the relation (Khan et al., , 2006 :
where r  is the relative viscosity of the solution which is derived by the η/η o, η is the viscosity of solution, η o is the viscosity of solvent C is the concentration of salt, is the specific viscosity of the solution. A coefficient is the ion-ion interaction and coefficient B is ion-solvent interaction (Ibemesi, 1989; Ibesmi and Igwe, www.ccsenet.org/ijc International Journal of Chemistry Vol. 4, No. 4; 2012 1989 ). The coefficients A and B of Jones-Dole equation were obtained by plotting η sp /C 1/2 versus C 1/2 as shown in Figure 2 . A coefficient is related to the long range interionic forces showing or ion-ion interaction while B coefficient is related to the interaction between the ions and the solvent and is interpreted as measure of the structure making and structure breaking tendency of an electrolyte in solution (Sundurmurthy, 2010) .
The viscosity data was also analysed by Moulik equation in order to evaluate ionic interactions:
where M and K coefficients are constants (Roy et al., 2010) . The applicability of the Moulik equation was obtained by plotting η r 2 versus C 2 as shown in Figure 3 . The values of A and B coefficients of KI solutions in maize oil + DMF and sunflower oil + DMF are tabulated in Table 3 . The values of A coefficient are positive at all temperatures and in all percent compositions of edible oil in the DMF solvent. This shows the presence of significant ion-ion interactions at low temperature (303 K) and decreased at high temperature (323 K) with little variation in all percent compositions of solvent. A coefficient
International Journal of Chemistry Vol. 4, No. 4; 2012 expresses the complete or incomplete dissociation and ion association of salt in edible oils + DMF solvent system. It is often ignored in dilute solutions where ion-ion interactions are not so prominent. The ion-solvent interaction in terms of B coefficient of Jones-Dole equation can be explained on the basis of Stokes and Mills equation:
where E η and A η are the viscosity increments due to the size and shape of ions and orientation of solvent molecules around the ions respectively, D η is the decrement as a result of distortion of solvent structure by ions. Results tabulated for edible oils + DMF in Table 3 show a rapid increase in B coefficient with the increase in percent composition of edible oil in DMF solvent indicates lower structural order of edible oils gradually decreases with the addition of DMF. B coefficient would be positive when
. B coefficient of Jones-Dole relation is a measure of effective solvodynamic volume of solvated ions, the size and shape of solute as well as structural effects induced by solute-solvent interactions make a major contribution to relative viscosity. When a solute dissolves in a solvent, a hole is made in the liquid with rupture of intermolecular bonds, and the solute is inserted in that hole. Some of the solvent molecules get attached to the ions because of ion-solvent www.ccsenet.org/ijc International Journal of Chemistry Vol. 4, No. 4; 2012 interactions and causes an increase in the viscosity of solution showing a positive contribution to the viscosity B coefficient.
Generally positive B coefficient indicate structure making capacity for strongly hydrated solutes and structure breaking for weakly hydrated solutes. But in case of large hydrophobic solutes B coefficient is only not use to indicate structure making/breaking. An improvement of the B coefficient is to use its first derivative over temperature (dB/dT) because its sign is more indicative for the evaluation of structure making/breaking. The values of B coefficient (ion-solvent interaction) in edible oil + DMF system show an increasing trend with the increase in temperature showing the structure-breaking behaviour of KI in edible oils + DMF solvent system. The values of dB/dT are positive show that the KI behaves as a structure-breaker in edible oils + DMF. As DMF is a dipolar aprotic solvent and anion (I -) was poorly solvated while cation (K + ) strongly solvated in DMF (Gill, 1985) . Potassium iodide also behaves as a structure breaker in dimethylacetamide-water mixtures reported by Singh et al. (1977) .
The increased in values of B coefficient for KI in edible oil + DMF with the rise of temperature was observed due to large distortion ( 
Conclusions
Ionic interactions were studied by different relations that are Jones-Dole and Moulik equation for salt (KI) in edible oils + DMF solvent system. Nature of potassium iodide in terms of structure making or breaking was studied in edible oils + DMF solvent system. It was concluded that KI behaves as a structure-breaker in sunflower oil + DMF and maize oil +DMF solvent systems.
